Proc. roy. Soc. Med. Volume 67July 1974 24 efforts to reconstruct the scarred floor of the mouth, because their grafts were washed away by the constant stream of saliva, resulting from the child's inability to swallow it. In reconstruction of the oesophagus, one can of course use the greater curve of the stomach, the Heimlich tube, but this would have been a little difficult in this child because of the long-standing gastrostomy. The other alternative is to use the whole stomach but the difficulty here would be that it would be necessary to mobilize the cesophagus; the cesophagus was rigidly fixed both to the trachea and to the prevertebral structures and this would have been a very formidable procedure.
This left us, therefore, with the colon as the next best organ; either the right, middle or left colon could be used. It is possible to make quite a long channel of the left colon and I have in the past, after bringing up the left colon, been able to see the sigmoid colon attached to the tongue when the patient opened the mouth. The disadvantage of the left colon, however, is that it is antiperistaltic and a certain amount of regurgitation may take place in the early periods, which we deal with by use of anticholinergic drugs. With regard to the right colon, this is satisfactory, and either the ileum or the cecum can be anastomosed to the upper segment of cesophagus, but not infrequently the blood supply around the caecum is unsatisfactory.
I believe, therefore, that the transverse colon is the most satisfactory organ to use, as it is properistaltic and provides a long tube, but it is necessary that there should be a good upper left colic artery, as in this child's case.
I have found patients very satisfied with colonic reconstruction several years later. In children, the colon grows with the child so there is no problem about operating on young children. I have not studied the changes which may take place in the mucous membrane of the colon after this operation. There is obviously some slight risk of developing peptic ulceration of the lower end where it is anastomosed to the stomach, but this could be very easily dealt with by opening the abdomen, removing the lowest part of the colon and reanastomosing it to a loop of upper jejunum. Dr R Hermon Dowling (Royal Postgraduate Medical School, London W 12) asked if the morphology or absorptive function of the mucosa in the transplanted colon had been studied and if there was any excess mucous production by the goblet cells in the new cesophagus. He was also interested to know if any bacteriological studies had been carried out and asked about motility in the transplanted colonic segment. Could the patient, for example, swallow barium uphill ?
Mr Tanner said he had made no studies of the morphology or absorptive function of the mucosa in transplanted colon in these cases. Neither had bacteriological studies been carried out, but he thought the cesophagus would be no more infected by organisms than the swallowed food because it was constantly washed through by saliva and food. He had not tried to enable a patient to swallow barium uphill, but when the cesophagus was placed under the skin a patient would occasionally aid the passage of food by gentle massage over the sternum, if the colonic segment was antiperistaltic; this was unnecessary if the segment was properistaltic, as food then passed down without great difficulty. It was merely necessary for the patient to be a somewhat slow eater rather than a rapid eater. H 0, male, aged 62 History: Well until December 1972, when attacks of vomiting and epigastric pain began. Admitted to St Nicholas' Hospital, Plumstead (1.6.73) with a one-day history of severe central abdominal pain and vomiting. 3.6.73: cholecystostomy with removal of multiple small gall-stones; two weeks later, patient was jaundiced and T-tube cholangiogram showed 2 stones in common bile duct (CBD). 13.7.73: cholecystectomy; stone was also removed from dilated CBD. A careful search was made for further stones but none found, and an operative cholangiogram was negative. However, subsequent T-tube cholangiogram showed further stone in common hepatic duct, above T-tube. 25.7.73: transferred to Hammersmith Hospital for trial of CBD stone dissolution therapy. On examination: Afebrile; not jaundiced. Wellhealed abdominal incision with T-tube still in situ. No abdominal tenderness or masses. Investigations: Hb 11.8 g/100 ml; WBC 6000/mm3; ESR 8 mm in the first hour (Westergren); bilirubin 0.4 mg/100 ml; SGOT 24 iu (N 7-40); isocitric dehydrogenase 7 iu (N 3-8); y GT 31 iu (N 5-25); alkaline phosphatase 136 iu (N 30-130). Culture of bile from T-tube: scanty mixed growth. Analysis of gall-stones from previous operations: 95% by weight of cholesterol. T-tube cholangiogram confirmed the presence of a single stone. Response to treatment was also assessed with weekly cholangiograms. Treatment Saline infusion (500 ml 0.9% NaCI/12 hours) into T-tube for trial period of one week; repeat cholangiogram showed no change (Fig I A) . Heparin infusion (50 000 units in 500 ml saline 12 hourly): after one week, stone migrated to lower end of CBD but did not change in size; after three weeks' heparin, no further change in size or position of stone (Fig I B) . A, before treatment, a 7 mm radiolucent stone is shown (arrowed) in the common hepatic duct, above the T-tube. There was a similar appearance after one week ofsaline infusion. B, after one week ofheparin infusion, the stone migrated to the lower end ofthe CBD but there was no change in stone size. c, after one week ofcholic acid infusion, the stone has disappeared and there is freeflow ofcontrast into the duodenum Cholic acid infusion (100 mm solution; 30 ml/ hour) plus cholestyramine (4 g/2 hour by mouth) to control diarrhoea: after two days, attack of severe upper abdominal pain and vomiting lasting 10 min. Cholangiogram five days later showed normal CBD with disappearance of stone ( Fig Ic) . Treatment stopped: further cholangiogram one
Stones in Common Bile
week later was again normal. T-tube removed. At follow up, one and three months later, the patient was well: his weight had increased by 1 stone (6.4 kg) and routine liver function tests were normal.
Discussion
Common bile duct stones may occasionally disappear spontaneously, but when they remain in the biliary tree they may give rise to complications requiring surgical intervention. However, a number of non-operative treatments are now available. Broadly, these may be divided into mechanical extraction and chemical dissolution. Some ingenious techniques have been used to extract the stones from the biliary tree (Lamis et al. 1969 , Margarey 1971 , Way et al. 1972 , Mazariello 1973 ) but a detailed discussion of these is beyond the scope of this paper.
The various forms of chemical dissolution therapy are summarized as follows: (1) Oral bile acid therapy.
(2) T-tube therapy: cholic acid infusion, heparin saline infusion and other substances such as ether or chloroform. In the Gall-stones containing varying amounts ofcholesterol by weight were studied and each ofapair ofsister stones wasplaced in either flow cell 1 or 2. An initialperiod ofexposure to monkey bile alone was used to check that the sister stones in cells 1 and 2 had similar dissolution rate. The stones in 2 were then subjected to heparin saline infusion in addition to bile while those in 1 had saline as a control absence of a T-tube in the CBD, oral bile acid therapy, similar in principle to that used in the treatment of gallbladder stones, has been tried, but experience with this form of therapy is extremely limited (Cole & Harridge 1957) . More commonly, a retained stone is discovered on T-tube cholangiogram after cholecystectomy. In these cases, direct infusion of substances into the CBD is possible. For example, ether and chloroform have been used in the past but because of toxic effects on the liver and ducts, they are now rarely employed and have been replaced by cholic acid and heparin. Cholic acid is known to dissolve gall-stones in vitro and in 1972 Way et al. first described successful treatment of choledocholithiasis by T-tube infusion of cholic acid in vivo. They infused 100 mM sodium cholate at a rate of 30 ml/hour, and to prevent diarrhoea they gave oral cholestyramine to adsorb the infused bile acids as they entered the duodenum. However, the mode of action of cholic acid in eliminating CBD stones may be more complicated than just chemical dissolution. Theoretically, both mechanical flushing and an effect of the bile acid on the duct and sphincter musculature could play a part in eliminating the stones. We have carried out in vitro studies of gall tone dissolution using 1 litre of 80 mm sodiumcholate in a closed system recirculating at a rate of 500 ml/12 hours. In this system 3 stones (weight 224-560 mg; 95% cholesterol w/w) lost 4.9, 6.5 and 7.3 % of their original weight in two weeks, As expected, a stone with a high percentage ofcholesterol (95°/) dissolved more quickly than one with a lowpercentage(I 7%),but the dissolution rate did not change appreciably with the inclusion ofa heparin infusion suggesting by extrapolation that complete dissolution is unlikely to occur during the period of therapy used clinically. The rationale for using heparin is even less well defined. Gardner (1973) showed that the polyanion, heparin sulphate, increased the negative zeta potential of suspended particles in bile and on this basis postulated that heparin might disperse gall-stones. He has recently claimed that 15 patients with choledocholithiasis have been successfully treated with heparin. However, we have been unable to show that heparin influences the rate of human gall-stone dissolution in vivo in experimental animals. In chronic bile fistula monkeys with an intact enterohepatic circulation (Fig 2) heparin (50000 units in 50 ml normal saline daily) had no appreciable effect on gallstone dissolution rate (Fig 3) .
At Hammersmith Hospital, we have treated 4 patients who had retaiDed CBD stones by chemical dissolution during 1973, with a 50% success rate. Apart from the patient demonstrated, the other 3 patients were treated with cholic acid infusion. The second successful case had 2 stones at the lower end of the CBD, one of which disappeared after one week of cholic acid infusion and the other after a further week of therapy. The treatment was stopped in the other 2 patients, in one because there had been no response after two weeks and in the other because of cholangitis after 2 days' therapy. To the best of our knowledge there is no previous report in the British literature with which to compare our experience. Since this paper was presented, Lansford et al. (I1974) have described cholate infusion in the treatment of common bile duct stones.
In conclusion, we believe that cholic acid infusion is a promising form of therapy for retained common duct stones and deserves a trial before reoperation is contemplated. With the limited data available we have been unable to demonstrate any beneficial effect of heparin on gall-stone dissolution. said that the crucial question was whether the various infusions through the T-tube had really dissolved the retained common duct stones, had mechanically flushed them through the sphincter of Oddi, or had caused partial dissolution or disintegration of the stones, which then were able to pass into the duodenum. While the question remained open, Dr Dowling pointed out that in the present studies and in those from the United States (Way et al. 1973 , Gardner 1973 , initial control periods of saline infusions had not influenced the size or position of the choledochal stones.
In reply to a question, Dr Dowling said that there was no absolutely certain way of predicting the type of gall-stone by radiology alone nor, in every case, by visual examination of removed gall-stones. With Dr G D Bell and Dr B Whitney (Hammersmith Hospital) and Dr J Sutor (University College London), he had examined a randomly selected, consecutive series of 50 gall-stones, and found that no fewer than half were radio-opaque. While 80 % of the radiolucent stones contained more than 70% cholesterol, in 5 patients the radiology was misleading, the stones being either amorphous and containing less than 10 % cholesterol, or containing large amounts of calcium salts. Dr Dowling confirmed that only trace amounts of pigment were required to stain gall-stones quite heavily. There was at present no way of dissolving so-called 'pigment stones' containing calcium salts. Dr B I Hoffbrand (Whittington Hospital, London) asked what was known about the effect of cholic acid on smooth muscle. Dr H Y I Mok said the effect of bile acid on the duct and sphincter musculature was largely unknown, but he believed work was in progress in Melbourne, Australia, to study this problem.
(meeting to be continued)
